Aims/Introduction: Visceral obesity has been suggested to be an independent risk factor for cardiovascular disease (CVD); the role of adipokines in the risk for CVD is less clear. Aim of this study was to investigate the relationship between parameters of visceral obesity and index of CVD risk factors. Materials and Methods: A cross-sectional analysis of healthy males (n = 116) and females (n = 175) for evaluation of clinical, laboratory and anthropometric parameters were undertaken. Abdominal subcutaneous (SAT) and visceral adipose tissues (VAT) were measured by computed tomography. Adipokines, including retinol-binding protein 4 (RBP4) and adiponectin, were determined. The risk for CVD was estimated using the 10-year Framingham Coronary Heart Disease Risk Point scale (Framingham score). Results: The Framingham score was increased in subjects with metabolic syndrome, and significantly increased with various indices of obesity, traditional risk factors of CVD, C-reactive protein (CRP) and RBP4, but decreased with adiponectin. With multiple linear regression analysis, the Framingham score independently associated with age, smoking status, body mass index, triglyceride and RBP4. The magnitude of the Framingham score showed a linear trend of increase with CRP, VAT and RBP4 (all P < 0.001), but of decrease with SAT and adiponectin (all P < 0.05) at stratified levels of obesity. Conclusions: RBP4 is increased with visceral fat accumulation and associated with CVD risk factors independent of obesity or traditional risk factors. (J Diabetes Invest,
INTRODUCTION
Visceral obesity is associated with the metabolic syndrome (MetS), type 2 diabetes and subsequent increased cardiovascular disease (CVD) morbidity and mortality 1 . However, the exact mechanisms accounting for the deleterious effects of visceral fat on CVD remain unknown 2 .
It is now recognized that adipocytes are endocrine cells, secreting a number of molecules collectively referred to as adipokines that function as hormones, regulating the biological activities of different tissues and organs. Although many of these proteins remain uncharacterized, leptin, retinol-binding protein 4 (RBP4) and adiponectin have been identified as molecules responsible for the association between visceral obesity and insulin resistance (IR) 3, 4 .
Although many studies have documented the association between abdominal visceral adipose tissue (VAT) or CVD risk in patients who are obese and have type 2 diabetes 5 , confirmation of this relationship, after taking into account direct measurements of adipose tissue distribution in healthy individuals, is very limited. Furthermore, the role of adipokines in the association between body fat distribution and CVD risk has not been reported.
The aim of the present study was to determine the relationship of CVD risk, as defined by the Framingham risk analysis method 6 , with body fat distribution (measured by clinical examination, bioelectrical impedance analysis [BIA] , fat computed tomography [CT] and dual energy absorptiometry [DXA] ). In addition, we determined the possible role of adipokines, such as RBP4 and adiponectin, in the association between CVD risk and body fat distribution.
MATERIALS AND METHODS

Study Population and Design
The present study was designed to explore the associations of adiposity and adipokines in the Korean population, and part of this had been presented before 7 . In the present study, we recruited healthy adult volunteers (120 men and 180 women) by advertising. Volunteers participating in the present study had to meet the flowing criteria: (i) aged 19-70 years; (ii) judged as healthy by a responsible physician with no abnormality identified on a medical evaluation, including medical history and physical examination; (iii) not pregnant in the case of females; and (iv) not taking any medication at the time of the study. Participants who were not suitable to participate in the present study for any reason, in the opinion of the responsible physician, were excluded. The analysis excluded participants for whom information was missing (1 man and 2 women), and with incidentally diagnosed diabetes with repeated testing (3 men and 3 women). As a result, the final study population comprised 291 participants (116 men and 175 women). The Institutional Review Boards at the Ilsan Paik Hospital approved the study protocol according to the Declaration of Helsinki; all participants provided informed consent. All participants completed a self-administered questionnaire that included demographic characteristics, general health status, smoking history and current medications.
Clinical, Laboratory and Anthropometric Measurement
Anthropometric and body composition measurements were carried out in all study participants before breakfast, with the participants wearing light clothing and without shoes. In addition, height, waist circumference (WC) and the hip circumference (HC) were measured. The body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ). WC was measured midway between the inferior margin of the last rib and the crest of the ileum in the horizontal plane. HC was measured around the pelvis at the point of maximal protrusion of the buttocks. The circumferences were measured to the nearest 0.1 cm. Blood pressure (BP) was measured from the right arm subsequent to the participant sitting at rest for a period of 20 min. The mean of two consecutive blood pressure recordings was used for statistical analysis.
Total body fat and muscle were then measured by BIA (Inbody 3.0; Biospace, Seoul, Korea) 8 . The total cross-sectional abdominal and visceral fat areas were measured by CT scans (Somatom Plus 4; Siemens, Forchheim, Germany) using an established protocol 9 . A cross-sectional scan, with 10-mm thickness centered at the L4-L5 vertebral disc space was obtained with the participant in the supine position using a radiograph of the skeleton as a reference; this was used to establish the position of the scans to the nearest millimeter. The abdominal subcutaneous adipose tissue (SAT) area was calculated by subtracting the abdominal visceral adipose tissue (VAT) area from the total area of adipose tissue. In addition, the body composition, including lean body mass and total body fat, was determined by a DXA (QDR 4500; Hologic, Bedford, MA, USA) carried out with a whole-body scanner. The trunk fat was determined as the amount of fat measured by the DXA from below the neck to the pelvis, excluding the limbs.
Blood samples were collected from all participants after an overnight fast (10 h) between 08.30 h and 10.30 h, and the plasma were stored at )70°until used. Plasma RBP4 levels were measured with an enzyme immunoassay (EIA) kit (AdipoGen, Seoul, Korea), and inter-and intra-assay variability were 7.2% and 5.5%, respectively. Plasma adiponectin was measured using a human adiponectin radioimmunoassay kit (Linco Research, St. Charles, MO, USA), with an intra-assay coefficient of variation of 3.6%. The mean of two duplicated values was used for statistical analysis. Fasting plasma glucose, total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were measured enzymatically using an autoanalyzer (ADVIA 1650; Bayer Ltd., Tokyo, Japan). High-sensitivity C-reactive protein (hsCRP) was measured by EIA (Modular P800; Roche, Basel, Switzerland). The plasma levels of insulin and leptin were measured by radioimmunoassay (Hitachi E170; Hitachi Ltd., Tokyo, Japan and Linco Research, St. Charles, MO, USA, respectively). The IR index was calculated from the fasting plasma insulin, and the plasma glucose level was estimated by the homeostasis model assessment (HOMA) where 10 : HOMA = fasting plasma insulin (lU/mL) · fasting plasma glucose (mmol/L)/22.5.
Metabolic Syndrome and CVD Risk Assessment
The Framingham risk score including age, TC, smoking status, HDL-C and systolic BP, stratified by sex, was used to predict the 10-year absolute risk of developing coronary heart disease (CHD) 6 . To calculate the score for an individual, a 10-year Framingham Coronary Heart Disease Risk Point (10-year FCRP) score was assigned for each risk factor. Participants that smoked regularly during the previous 12 months were classified as current smokers. The presence of metabolic syndrome was determined according to the 2005 revised National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) criteria 11 . We defined visceral obesity as a WC ‡90 cm for males or ‡80 cm for females, as recommended by the revised NCEP criteria.
Statistical Analyses
Analysis was carried out with 291 participants for whom both RBP4 and adiponectin data were available. Data are expressed as mean ± SD. The distributions for fasting insulin, TG, HOMA-IR, RBP4, adiponectin, hsCRP and leptin were normalized using log transformation, and transformed back for data presentation. We used the independent t-test or chi-squared-test to analyze differences in categorical data (with and without metabolic syndrome). Pearson's correlation analyses were used to describe the association between Framingham scores and continuous variables of interest. A multiple linear regression analysis was used to test the independent association of Framingham score and continuous variables. Multicollinearity was assessed using the variance inflation factor (VIF). To avoid multicollinearity among WC, HC, waist-to-hip ratio (WHR), total body fat and trunk fat, WHR was included as an independent variable. To assess the significance of a linear trend, continuous variables were stratified to tertile. And, we used a one-way ANOVA with post-hoc analysis to assess the difference of mean values of the BMI-adjusted VAT or SAT and levels of RBP4/or adiponectin with respect to the number of metabolic syndrome determinants. With two-way ANOVA using the general linear model (univariate), we tested the effects of interaction between adiposity (BMI or VAT) and the stratified variables (tertiles of CRP, VAT, SAT, RBP4 and adiponectin) on means of Framingham scores. A P-value of <0.05 was considered statistically significant. Data were analyzed using SPSS for Windows (Version 12.0; SPSS Inc., Chicago, IL, USA).
RESULTS
Individuals included 116 males (aged 40 ± 11 years) and 175 females (aged 40 ± 11 years). The BMI in men was higher than in women (25.4 ± 3.1 vs 23.6 ± 3.1 kg/m 2 , respectively, P < 0.001). When analyzed by presence of metabolic syndrome 11 , the participants with metabolic syndrome were more likely to be male, older, a smoker and obese. Details relating to clinical, laboratory and anthropometric characteristics are presented in Table 1 . The two groups were significantly different for all the metabolic and anthropometric parameters, as expected (Table 1) . Participants with metabolic syndrome showed higher levels of RBP4, CRP, and Framingham risk score and risk, whereas adiponectin values were lower than those without metabolic syndrome.
As shown in Table 2 , Framingham score is significantly increased with age, BMI, WC, blood pressure, IR, TC/HDL, TG, obesity measured by BIA and DXA, CRP and RBP4, and, inversely, associated with adiponectin. The Framingham score was higher in men compared with women (5.2 ± 6.5 vs 0.8 ± 0.91, respectively, P < 0.001) and in smokers compared with non-smokers (5.3 ± 6.9 vs 1.1 ± 1.4, respectively, P < 0.001).
We carried out a stepwise multiple linear regression analysis using the Framingham score as the dependent variable. In this analysis, we included sex, smoking status and variables, which were statistically significantly correlated with Framingham score in Table 2 (P < 0.05) as independent variables. This model showed that age, smoking status, BMI, TG and RBP4 were independently associated with Framingham score; in addition, they accounted for 76.1% (adjusted R 2 ) of the variance in the Framingham score of analyzed individuals (Table 3 ). In this model, no evidence of serious multicollinearity was observed (all VIF were below 1.5).
When participants were stratified according to the number of the determinants of the metabolic syndrome as defined by the revised NCEP ATP III criteria 11 , BMI-adjusted VAT increased with a number of determinants of metabolic syndrome (P-value for trend <0.001; Figure 1a) . SAT also increased with a number of determinants of metabolic syndrome (data not shown). However, the BMI-adjusted value did not show these linear relationships (P = 0.326 for trend; Figure 1b) . The RBP4 concentration was increased linearly according to the number of determinants of metabolic syndrome (P = 0.008 for trend), whereas the adiponectin decreased (P = 0.003 for trend; Figure 1c,d) . Figure 2 shows the distribution of Framingham score by tertile CRP, VAT and SAT according to BMI (Figure 2a) , and CRP, RBP4 and adiponectin according to VAT adjustment of BMI (Figure 2b) . The mean values of Framingham scores were increased along the tertiles of CRP and VAT with increases of the tertiles of BMI (all P < 0.001) without any interaction (P = 0.509 and 0.054, respectively). However, inverse relationships were observed in the case of SAT values (P < 0.001) without interaction (P = 0.151; Figure 2a ). The Framingham score 
DISCUSSION
The unique contribution of the present study is the evaluation of a wide range of traditional and non-traditional risk factors for CVD in well-characterized subjects. Furthermore, we documented the significant, independent associations of the direct measurements of VAT and the Framingham score with variation in the levels of RBP4 after adjustment for confounding factors.
Individuals with visceral obesity are at an increased risk of type 2 diabetes and CVD 1, 12 . Furthermore, these individuals had increased metabolic risk factors including IR, dyslipidemia, elevated free fatty acids and subclinical inflammation compared with individuals with lower body obesity 12 . Although paradigms, such as the portal hypothesis and the endocrine hypothesis, have been suggested, the role of adipokines remains unknown. However, it is possible that adipokines might become more important with longer-term obesity or visceral fat deposit itself, when a pro-or an anti-inflammatory role of these adipokines might become an important factor 13 . The present study showed that an increased plasma level of RBP4 in visceral fat accumulation, measured by CT, was associated with CVD risk factors independent of traditional CVD risk factors (age, smoking, triglyceride, obesity) 14 .
In the present study, we found a strong positive relationship between RBP4 and Framingham score, composite of CVD risk factors, at the degree of visceral adiposity. In addition, the plasma level of RBP4 increased along the increase of determinants of metabolic syndrome, consistent with previous reports (Figure 1a ) 15 . However, data resulting from human studies are conflicting. RBP4 is not increased in obesity or not associated with IR in some situations. These inconsistencies most likely result from variations in studied subjects: genetic background, sex ratio and age, sample size, effects of retinol status, iron status, kidney function, and assay methods used 16 . In the present study, with multiple linear regression analysis of RBP4 as a dependent variable, plasma levels of RBP4 were independently associated with men (standardized coefficients b = 0.288, P < 0.001), triglyceride (b = 0.239, P < 0.001) and VAT (b = 0.152, P = 0.013) in participants without metabolic syndrome, and TG (b = 0.398, P = 0.002) and VAT (b = 0.390, P = 0.002) in participants with metabolic syndrome (data not shown). Thus, we had observed a significant association between RBP4 and VAT in all participants. This association was more prominent in participants with metabolic syndrome in whom RBP4 was independently associated with VAT, even after accounting for sex, age and BMI. Consistent with a previous study, in which a correlation of RBP4 with abdominal obesity in participants with a wide range of BMI was shown 15 , these findings let us suggest the possibility of an association between circulating RBP4 with specific fat deposits and a role of RBP4 in the associations of CVD risk factors. In addition, Framingham scores in participants with the highest tertile of VAT were not different between those with the lowest tertile of BMI and those with the highest tertile of BMI (mean [95% CI], 5.6 [3.0, 11.9] and 5.5 [7.7, 10.4] , respectively, P = 0.129). However, there was weak, but not significant, interaction between visceral fat deposit (i.e. VAT) and overall obesity (i.e. BMI) on the Framingham score (P = 0.054). These findings are similar to that studied in an Asian population study 17, 18 , and also agree with evidence linking specific visceral fat deposit to the increased risk of CVD 19 . The opposite correlations of RBP4 and adiponectin for VAT were consistent with studies of cultured visceral and subcutaneous adipocytes from humans and animal models. Findings from these studies have shown that although both adiponectin gene expression and secretion are higher in visceral adipocytes . This might partly explain the present results, in regard to a blunted protective effect of adiponectin on the CVD risk with increasing visceral obesity (Figure 2b ). The underlying mechanism responsible for the interaction of these adipokines in situations of visceral fat deposit or metabolic syndrome with the CVD risk factors remains to be elucidated by future studies.
CRP has been identified as an effecter in the athero-thrombotic process 22 , and as a predictor of CVD risk among representative inflammatory markers in the clinical setting 23 . However, the correlation between CRP and Framingham score did not reach statistical significance in multiple linear regression analysis. These findings suggest that correlations between CRP and various atherosclerotic risk factors should be corrected for adiposity or adipokines, because the adipocyte itself is a known source of various inflammatory cytokines 24 .
Although the present study has unique strength, it also has limitations. First, the Framingham risk (represented as %) could overestimate or underestimate the risk in populations other than the USA population 25 . Although it has not been established whether the Framingham risk is suggested as a predictor of CHD risk in Korea, reasonable accuracy in predicting CHD in an Asian population had been shown in the past 26 , and Koreans were found to have a comparable CVD risk profile and their estimated 10-year CHD risk is currently almost as high as that in the general USA population 27, 28 . Future validation studies are clearly required to assess the utility of this risk calculation. Second, there are no previous data available for determining sample size for the present study. Therefore, we could not estimate an appropriate sample size in the present study. Power calculations were based on the addition of a variable to an existing regression model with a R 2 of 0.4-0.5. A sample size of the present study provided 99.8% power at the 5% significance level for detecting an increase in the R 2 of 0.05 or greater Third, the participants in the present study were a clinically narrow range from the perspective of overall risk; as shown, 95.5% of study participants showed 'low-risk' (Framingham risk <15%). Thus, someone might argue that this cohort was neither heterogeneous nor representative of the general population. However, the purpose of the present study and cohort was to investigate the association of adiposity and CVD risk in healthy subjects without any known CVD diseased condition. Despite the clinically narrow range from the perspective of overall risk, the study's findings showed the relevant relationship between plasma levels of RBP4 and CVD risk factors, represented by Framingham score rather than Framingham risk. Finally, the cross-sectional deign of the present study did not definitively establish the causal relationships. Additional human studies using longitudinal study designs are required for further clarification of these relationships.
In conclusion, RBP4 is increased with visceral fat accumulation and associated with CVD risk factors. Thus, RBP4 could play a role in the mediating deleterious effects of visceral obesity on the increased risk of CVD independent of traditional risk factors.
